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Abstract:
The wood platform frame home is the dominant design in the United States when it comes to
single family housing. Introduced during the mid-nineteenth century, the scheme is a cheap, fast,
and proven design that takes advantage of the large and abundant American wood supply.
However, while building technology in other sectors has advanced, we continue today to build
single family homes in essentially the same manner that was done 150 years ago.
This study centers around the analysis of the thermal properties of structural details in light wood
frame homes, focusing on wall construction details for both retrofit and new construction. A two
dimensional analysis software, THERM 5.2, is used to perform finite element heat transfer
analysis on various wall lay up configurations. Based upon the analysis, two recommendations
are made. The first is that when retrofitting, the standard methodology can be improved by
additionally insulating exterior wall cavities formed by additional studs used in older partition
details. The second is that the effectiveness of Advanced Framing Techniques should make it
the primary method of new construction.
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1 Introduction
Modem society relies on energy sources in almost all aspects of life from the most basic
requirements of lighting and heating to the complex operation of computer systems and digital
infrastructure. The power generation infrastructure of today relies on oil and coal, two non-
renewable energy sources whose prevalent use has contributed to global climate change. As the
human population continues to grow, and energy demands continue to rise, the public, industry
and lawmakers are seeking ways to increase the portion of energy supplied through renewable
resources and to decrease the energy consumption per capita. Never before has the issue of
energy efficiency been so important.
In the United States, residential energy use was about 23 trillion BTU or 22% of total
consumption according to 2008 Department of Energy statistics (Consumption by Sector 2008).
Of the total residential energy consumption, almost 50% is attributed to heating and cooling. To
reduce this portion, the energy efficiency of homes must be improved.
In a new construction, there is the opportunity to build a home to improved standards. These
new standards include alternative details that differ from normal widespread industry practice.
Utilization of these details in new construction will improve the energy efficiency of homes.
However, the housing industry is slow to change, and many of these standards are not widely
accepted. As a result, homes continue to be built in an inefficient fashion.
While new homes can be built to better, more energy efficient standards, older homes, built
during times when energy awareness was low, are often poorly insulated or not insulated at all.
These older homes make up the largest percentage of the US housing stock (American Housing
Survey for the United States 2007). Fortunately, these older homes can be retrofitted with new
insulation, greatly improving their energy efficiency. While the current best practice for these
retrofits is quite effective, further improvements can be made at little additional cost.
1.1 Statement of Purpose
The purpose of this thesis is to examine the thermal properties of various structural details in
light wood framed homes. Conventional structural details will be examined under various
retrofit conditions, while newer energy efficient details will also be analyzed for comparison.
Based upon the analysis, recommendations will be made for modifications of best practice
retrofit techniques, as well as new construction.
2 Background
The problem of energy efficiency is not a new one in the United States. For years, the United
States has led the world in energy consumption. The US Energy Information Administration's
(USEIA) latest data from the year 2007, in Figure 2-1, shows US consumption almost 30%
higher than the next closest country, China (International Energy Statistics 2007).
2007 Energy Consumption by Country (Top 10)
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Figure 2-1: 2007 Energy Consumption by Country (International Energy Statistics 2007)
It is only in recent years, as oil prices have risen, that energy efficiency has become the focus of
major industries, from car manufacturing to the heating and lighting industry. As mentioned
before, the residential sector has its own issues with energy efficiency, as much of the older
housing stock is under insulated or not insulated at all.
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2.1 Residential Energy Use
Energy is used for a variety of purposes within the home. Figure 2-2 is a chart which shows the
breakdown of energy usage based on the USEIA's most recent data from 2005 (Residential
Energy Consumption 2005):
Residential Energy Use, 2005
a Space Heating (Major Fuels)
I Air-Conditioning
a Water Heating
I Refrigerators
* Other Appliances and Lighting
Figure 2-2: Residential Energy Use Breakdown (Residential Energy Consumption 2005)
As can be seen, almost 50% of energy use within homes can be attributed to heating and cooling.
The retrofit details studied in this thesis will focus on saving energy is these sectors. The details
will examine the energy savings from retrofitting older homes using various methodologies and
also compare retrofit wall layups to newer advanced framing techniques. To understand the
scale of the problem within the current housing stock included is Figure 2-3, a table which shows
the age of construction of homes within the United States.
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Year Structure Built Total Housing
Units (in millions)
2005-2009 4882
2000-2004 9152
1995-1999 8794
1990-1994 7028
1985-1989 8811
1980-1984 7474
1975-1979 14404
1970-1974 10969
1960-1969 15292
1950-1959 12994
1940-1949 7916
1930-1939 5993
1920-1929 5357
1919 or earlier 9136
Median Year 1973
Figure 2-3: US Housing Stock Year of Construction (American Housing Survey for the United States 2007)
From these statistics, it is found that almost 53% of the US housing stock was built before 1974.
The 1973 oil crisis and the following energy crisis in 1979 had a similar effect to the rising oil
prices of today, spurring research and investment in energy efficiency. Many states developed
more energy efficient building codes in the wake of the crises. However, for the 53% of US
homes built before 1974, it can be assumed that most of them were built without energy
efficiency in mind and are under insulated or lack insulation completely.
2.2 Energy Loss via the Building Envelope
The building envelope is composed of the layers of material which create the barrier between the
indoor space and the outdoor environment. Included in the envelope are all doors, windows,
walls and the roof. It is through these exterior layers that most of the energy loss in a residential
home occurs. The major problem areas in older structures are the windows, walls, and roof
cavity.
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2.2.1 Windows
The window allows the flow of natural light into the home; however, it should not allow the flow
of heat into or out of the home. Windows in many older homes are made of a single pane or lite
of glass. With single lite windows, the problem of heat loss and gain is especially pronounced.
Heat can flow easily via radiation, convection, and conduction through the single pane.
These issues are mitigated in double or triple lite windows. The windows are composed of
multiple layers of glass often separated by an additional insulating gas layer. By using multiple
layers and insulating gas, the heat transfer via convection and conduction through the glass build
up is greatly reduced. However, many older double lite windows were built with frames which
were not thermally broken, separating the interior and exterior via an insulating layer. This can
be a large source of heat loss, particularly if the frame is aluminum which has a thermal
conductivity two orders of magnitude higher than glass (180 W/m-K versus 0.96 W/m-K)
(Thermal Conductivity of Some Common Materials 2005). Newer windows have updated
frames, where multiple sections and rubber lining are used to achieve a thermal break.
2.2.2 Poor Structural Detailing
While heat can be lost through products such as windows and doors, additional heat is lost
directly through the structure of the wood-frame home. The exterior walls and roof all transfer
heat via conduction and convention. This problem is compounded in areas of poor structural
detailing where additional, but unnecessary, members are used in manner which creates air gaps
or thermal bridges. This issue is partly institutionalized into the current building codes which are
again outdated regarding energy efficiency.
2.2.2.1 Walls
The exact description of exterior wall framing, from the American Wood Council, the publisher
of many of the US wood frame building codes, is as follows:
Exterior wall framing must be of adequate size and strength to support floor and
roof loads. Walls must also resist lateral wind loads and, in some locations,
earthquake forces. Top plates are doubled and lapped at corners and at bearing
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partition intersections to tie the building into a strong structural unit. A single top
plate may be used where roof rafters or trusses bear directly above wall studs. In
such cases adequate corner ties are required, particularly where non-structural
sheathing is used.
Stud Size and Spacing
Studs in exterior walls of one and two-story buildings are at least nominal 2x4
inches with the 4-inch dimension forming the basic wall thickness. Stud spacing
is normally 16 inches in exterior walls, although 24-inch spacing of 2x4 studs is
acceptable in one-story buildings if wall sheathing or siding is of adequate
thickness to bridge across studs. In three-story buildings studs in the bottom story
are at least nominal 3x4 or 2x6 inches and may not exceed 16-inch spacing. Studs
are arranged in multiples at corners and partition intersections to provide for rigid
attachment of sheathing, siding and interior wall finish materials. Nailing strips or
metal clips may be used to back up interior finish at corners. (Details for
Conventional Wood Frame Construction 2001)
The American Wood Council Code allows for studs larger than 2x4's for exterior walls but
restricts the spacing to 16" for most homes. The code also calls for multiple studs in comers and
partition intersections, additions that are not structurally required as will be shown later when
Advanced Framing Techniques are discussed.
2.2.2.2 Wall Joints
Current wall joint details are outdated and use much more material than required. Below, Figure
2-4 show typical corner details from Details for Conventional Wood Frame Construction
published by the American Wood Council.
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Figure 2-4: Typical Corner Framing Details (Details for Conventional Wood Frame Construction 2001)
The details all use at least three studs in the corner with one of them also requiring additional
blocking. Three studs are not structurally necessary, but rather they are placed in such a manner
as to form surfaces that make it easy to nail on exterior cladding or interior wall boards. Such a
joint could be accomplished using only two studs and dry wall clips, as will be shown later in
section 2.3 Previous Research on Thermally Efficient Structural Details. By using three studs,
the available space for insulation is also reduced causing it to be a thermal weak point in the
envelope. In addition to heat loss through any uninsulated space, energy is also lost directly
through the studs.
Figure 2-5 shows typical framing details for joints where an interior wall meets an exterior wall.
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Figure 2-5: Typical Partition Framing Details (Details for Conventional Wood Frame Construction 2001)
The detail on the left again uses two additional and unnecessary studs, while the detail on the
right used an unnecessary nailer behind the wall stud. Both arrangements can be framed without
using any additional studs or nailers by using dry wall clips.
2.2.2.3 Roof Rafters
The framing of the roof is another area that can be improved. Typical roof framing is illustrated
below in Figure 2-6:
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Figure 2-6: Typical Roof Rafter Detail (Details for Conventional Wood Frame Construction 2001)
Typical framing of rafters causes a tight area where rafters meet floor girders. In this area, it
becomes much harder to place insulation. Any insulation placed in this area is also compressed
by the tight confines further reducing its effectiveness.
2.3 Previous Research on Thermally Efficient Structural Details
After the energy crisis of the 1970's, new focus and funding were directed towards developing
new, more energy efficient building codes. Two standards that were developed were the R-2000
standard in Canada and the Building Technologies Program of the United States Department of
Energy.
2.3.1 R-2000
Canada's R-2000 officially began in 1982 following preliminary testing and demonstrations of
energy efficient homes and techniques throughout the late 70's (Background of R-2000 2010).
The program combined technical innovations and research with government incentives to
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encourage the construction of energy efficient homes. From the R-2000 program came much of
the early research into Advanced Framing Techniques. The specifics of these techniques will be
shown later in section 2.3.3 Structural Details. The techniques proved to be both cost and energy
saving. Avi Friedman and Vince Cammalleri of McGill University conclude in their 1996 paper
titled, "Advanced wood-frame construction details in Canada:"
Efficient framing and air-tight detailing is beneficial in several respects. By
cutting down on lumber requirements, material and labour costs are reduced, as
well as the energy embodied in the building materials. Thermal bridging and air
leakage are reduced, along with the probability of condensation, making a more
durable assembly and a healthier indoor environment with controlled ventilation.
Finally, the energy required to heat and condition infiltrating air is substantially
reduced, cutting down operating costs and making a more efficient and
sustainable building (Friedman and Cammalleri, Advanced wood-frame
construction details in Canada 1996).
The Canadian government's support and public acceptance of the more energy efficient
guidelines led to many of the changes offered by the R-2000 program eventually working their
way into the Canadian building codes. As a result, the majority of Canadian homes built since
1980 have been much more energy efficient than their American counterparts.
2.3.2 Building Technologies Program
The American equivalent of Canada's R-2000 program is the Building Technology Program
offered by the United States Department of Energy. The primary purpose of the program is to
"develop technologies, techniques and tools for making residential and commercial buildings
more energy efficient, productive and affordable" (Building Technologies Program: Vision and
Mission 2008). The program sets a multi-year goal of developing marketable zero energy homes
by the year 2020, and zero energy commercial buildings by 2025.
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2.3.2.1 Building America
Within the DOE's Building Technology Program is an additional initiative called Building
America. The Building America program focuses primarily on creating research partnerships
within the residential building industry to improve the energy efficiency of homes (Building
Technologies Program: Building America 2010). The program also publishes many articles and
reports on the best practice approaches to new construction and retrofits, studying cases
throughout the United States. Out of this program came much of the current research on
Advanced Framing Techniques.
2.3.3 Structural Details - Advanced Framing Techniques
Advanced framing is not new and goes back to the earlier Canadian research from R-2000 and
even earlier to the original framing techniques used in the 1800s (Lstiburek 2010). Figure 2-7 is
an image of framing from 1854:
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Figure 2-7: In-Line Framing (Lstiburek 2010)
This image shows a home which utilizes balloon framing techniques, rather than today's
platform framing techniques. Balloon framing utilizes longer studs which create full two story
high walls. It was the original light framing technique developed when wood was cheap,
abundant, and did not have the environmental concerns over its use. While balloon framing is no
longer used, the image illustrates the idea of in-line framing where the number of studs and
headers within a wall can be reduced by lining up members to create more direct load paths. The
current evolution of advanced framing techniques is illustrated in Figure 2-8:
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Figure 2-8: Advanced Framing (Lstiburek 2010)
Advanced framing attempts to eliminate any unnecessary members, using two stud corners,
single studs at openings, structural walls with a single header and non-load bearing walls with no
headers. In addition, at the roof, the truss includes a raised heel to overcome the problem of
insulation compression.
2.3.3. 1 Walls
As stated earlier, modern research into advanced framing began in the wake of the energy crisis
in the 1970s, but tapered off as cheap energy returned. However, much of the research is still
relevant today. Below, Figure 2-9 shows multiple wall lay-ups from the Canadian R-2000
-20-
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guidelines. The image moves from the conventional single-stud wall downwards through more
and more energy efficient alternatives.
ms-le"ud Wo w/InsuIndve Sahking
SinglStud VR w/ Insulative Sheating &trappbg
Doublud W M (extir ldail)
Standoff Wall
G~s yr=u W*Ubmad
D uAMd owdalaetion
- SnlMaUl Wood Stud
W_ BtInatn
- - vapour Darit$&
Retardef~r/nBaM
Figure 2-9: Energy-efficient wall alternatives (Friedman and Cammalleri, Impact of R-2000 on Canadian Housing 1996)
While the lowest option of the Standoff Wall is the most energy efficient choice, the additional
cost and thickness required does not necessarily make it a cost-effective option. The incremental
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effect of additional insulation drops off at a certain point and with the Standoff Wall, there are
only marginal returns. Since R-2000, further research has been completed and the options have
been narrowed down to a single-stud wall with insulative sheathing layup, shown below in
Figure 2-10.
Spray foam-
insulation at rim
joist xi
Single top plate
2x6 stud wall @ 24" o.c.
Taped and painted %/"
gysum wall board asinterior finish
Vapor control as per
IRC 2009
Fbergiass or cellulose
Insulation in stud space
XPS insulating exterior
sheathing; 1" to 4' typical
Tape joints in XPS
sheathing
Figure 2-10: 2x6 Advanced frame wall construction (Building Science Corporation n.d.)
Here the conventional 2x4 wall at 16" on center is replaced by a 2x6 wall at 24" on center. The
wider studs allow for deeper insulation and for their spacing to be larger, reducing thermal
bridges. Conventional fiberglass or cellulose insulation is still used. A vapor control barrier is
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applied to the exterior of the wall, for example Tyvek wrap. And finally, an additional layer of
insulating sheathing is applied to the exterior with varying thickness based on climate.
On a larger scale, this wall construction method can then be applied to multiple floors, where as
mentioned before, care is taken to ensure that load paths are aligned. This idea is illustrated in
Figure 2-11:
Root trusses, wall studs.
floor framing, spaced
24 in. on center and DirectionI
aligned directly over top
of eacholher Itack hraming)
Single top plate _
InslUated header supported
on jack stud. Aiternatively,
header hangers may be
uscd. Elimlnate hisaders in
ra-bearing walks, such as
those beneath geties.
Place one side o-
window/door on 24 inch
module so that existing
studs form one side of
rough -opening
Horigntal member -
soupported by two-piece stud
Cripple stud necessary I
orly for siding or gypsWm
board attachment
Single top plate
Point kcad transierredbetween studs Dy rim
closure material acting as
header If rim closure
material is non-siructural,
support will be required
under polni loads. Use soid
blocking between joists.
Figure 2-11: Stack Framing (Building Science Corporation n.d.)
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By lining up the studs between floors, the number of elements can be reduced. Doors and
windows also should be arranged to line up with existing studs rather than placed in a location
which requires additional framing. Where a stud comes down and the load path is not directly
into a stud below, a structural rim closure material must be used, such as plywood to act as a
plate element which distributes the load into the adjacent studs. In this manner, the 2x6 at 24"
lay out can be maintained.
In Section 4 - Analysis, the thermal efficiency of the advanced framing wall will be analytically
compared to the conventional wall.
2.3.3.2 Rafters
As was discussed before, the rafter design in the roof of a home can make a large difference
regarding its thermal efficiency. In Figure 2-12 and Figure 2-13 are shown multiple alternatives
to standard roof trusses which create more space for insulation.
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Figure 2-12: Roof Truss Alternative (Friedman and Cammalleri, Impact of R-2000 on Canadian Housing 1996)
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Figure 2-13: Roof Truss Alternatives Continued (Friedman and Cammalleri, Impact of R-2000 on Canadian Housing
1996)
The roof can be a particularly large source of heat loss, and so ensuring it is insulated well is a
top priority. Utilizing one of these alternative methods of construction will help ensure that goal
is met.
2.3.3.3 Joints
The joints within a home are another area which can be improved. Current convention utilizes at
least 3 studs in a corner and at least 2 elements at a partition intersection. These layouts can be
vastly improved. The advantage of using fewer members is that the insulation can be placed in a
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more continuous fashion and the thermal bridging across studs is reduced. Figure 2-14 is an
image from the R-2000 guidelines which illustrates alternative corner and partition framing
details. The alternative detail for the partition is the bottom right, while for the corner is the
rightmost. The others are the conventional framing details.
can"*M
Figure 2-14: Alternative corner and partition framing details (Friedman and Cammalleri, Advanced wood-frame
construction details in Canada 1996)
As with the overall wall lay-up details, these joints have continued to be studied and refined.
Figure 2-15 is a current image from the Building America guidelines which shows the updated
joints in more detail.
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Figure 2-15: Corner framing of exterior wall (Building Science Corporation n.d.)
These joints will also be the focus of the finite element analysis, which can be found in Section 4
- Analysis. Figure 2-16 is an image of an updated interior partition detail. Such an arrangement
reduces the number of studs and increases the available space within the wall cavity for
insulation.
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Figure 2-16: Partition Wall to Exterior Wall Intersection (Building Science Corporation n.d.)
These alternative details have the potential to create homes which perform significantly better
than those using conventional wood construction details. Now, while all of these alternative
details are options for new construction, they do not help existing homeowners. The best option
for existing homeowners is retrofit which will be discussed in the next section.
3 Retrofit
As previously mentioned, one option for owners with poorly performing homes is retrofit.
Retrofitting a home will greatly improve its energy efficiency. However the current practices
can be improved.
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3.1 Typical Retrofit Methodology
The best practice of an insulation retrofit today focuses on two major aspects of a home: the
exterior walls and the attic or crawl space below the roof. The current methodology to insulate
the exterior walls is to first find a set of studs, remove a section of siding (usually cedar on older
homes), and drill a 1" hole into the wall. Through this hole is blown insulation (fiberglass or
cellulose based loose insulation or cementitious foam) to fill the wall cavity (Best Practices
2004). From the starting position, another hole is drilled 16" away and then again blown in with
insulation. The process continues until all the bays in a wall are filled. However, usually in this
process, smaller voids such as where an interior wall meets an exterior wall are ignored, either
because they are deemed unnecessary or simply because they are overlooked as the contractor
moves down a wall.
The roof space is the second major concern when retrofitting a home. Significant heat can be
lost through the attic floor. Standard retrofit practice involves one of two insulation schemes.
First, loose-fill can be blown onto the attic floor and spread evenly up to a height specified by the
insulation manufacturer. Alternatively, batts or rolls of insulation can be used. The insulation is
placed in between the joists of the roof, similar to insulating a wall during construction. If
required, an additional layer of insulation can be applied in a perpendicular direction on top of
joists, helping to reduce thermal bridging (Insulation Fact Sheet 2008).
3.2 Proposed Retrofit Methodology
While current retrofit methodology is effective, there is room for further improvement. The
current methodology pays little attention to two dimensional heat loss through the structural
details of wood frame homes. Compared to the heat loss through the large wall cavities, the
thermal bridges of these details at corners and partitions play a small role, but it is little to no
increase in cost to additionally insulate these areas. The added savings and efficiency of
insulating these areas will more than compensate the incremental cost of installation.
4 Analysis
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In this section, several alternative retrofit methods will be analyzed and compared, both against a
standard retrofit and also a corresponding Advanced Framing detail.
4.1 Overview of Heat Transfer
There are three methods of heat transfer: conduction, convection and radiation (Heat Transfer
2010). Conduction occurs through direct contact. Conduction is a large component of the heat
loss through the building envelope as it is often directly through the physical contact of materials
that the most heat is transmitted. This is also known as a thermal bridge. Heat transfer through
fluids such as water or air is called convection. Convection occurs within homes along interior
and exterior walls, as well as within an air filled cavities. Air passing along these elements gains
or loses heat, raising or lowering the temperature. Finally radiation is the transfer of heat
through electromagnetic waves. In a home, radiation is especially pronounced along exterior
walls as they radiate heat outward. The three types of heat transfer in walls are illustrated in,
Figure 4-1 below:
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plaster
CONVECTION
THE TRANSFERENCE Of
HEAT BY AIR CURRENTS 
FROM A WARM TO A
COLDER ZONE bevel siding
CONDUCTION
THE TRANSMISSION OF
HEAT THROUGH A CONDUCTOR.
SUCH AS METAL
RADIATION
WAVES DO NOT HEAT SPACE IN
WHICH THEY MOVE BUT WHEN
THEY COME IN CONTACT WITH A
COLDER SURFACE THE WAVES ARE
CONVERTED TO HEAT
Figure 4-1: Heat Loss through Typical Wall (Energy Efficiency in Light-Frame Wood Construction 1979)
The heat transfer characteristics of a material depend on several properties. The first is the
thermal conductivity. The thermal conductivity is the rate of steady state heat flow through a 1
meter thick sample induced by a unit temperature difference across the sample (Al-Homoud
2005). Conductivity has units of Watts/meter-Kelvin. From thermal conductivity, thermal
conductance can be calculated. Conductance is related to conductivity in that conductance is
now the flow rate across a certain thickness of material; it has units of Watts/meter2-Kelvin.
Based on a set of thermal conductivities, boundary conditions and geometry, the overall thermal
behavior of an arrangement of material can be analyzed.
While 1 -D heat transfer calculations are quite simple to do by hand, 2-D calculations which are
needed to analyze the problems discussed in this thesis can be much more complicated. In such
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scenarios, computer software can be very helpful. For this thesis, THERM 5.2 will be used to
model and analyze the details discussed.
4.2 Overview of THERM
THERM 5.2 is a 2-D heat-transfer software developed by the Lawrence Berkeley National
Laboratory. Building components can be modeled within THERM to analyze heat transfer
through different arrangements of material simulating windows, walls, foundations and other
building elements. THERM's heat transfer algorithms were developed from ISO 15099, the
international standard for calculating the thermal properties of window and door systems
(THERM 2006). As such, many of the tools are tailored to the analysis of window framing
systems. The following models take advantage of this built in standardization to ensure uniform
conditions under analysis.
4.3 Model Setup
Using THERM, several different details were analyzed. Each detail is arranged to simulate a
real world material and insulation layup.
4.3.1 Conditions
Material properties remained constant throughout all the models. THERM includes a material
library which contains most of the material types used in the model. Gypsum board however
was not included within this library and so the material was added to THERM. Based upon a
range of sources, a value of 0.17 W/m2-K was chosen for the conductivity (Thermal
Conductivity n.d.) (Thermal Conductivity of Some Common Materials 2005). For emissivity a
value of 0.95 was chosen (Emissitivity of Common Materials n.d.) (Thermal Imaging Emissivity
Table 2008). All of the material properties used are listed in the following table, Figure 4-2:
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Material Conductivity (W/m-K) Emissivity
Cellulose 0.04 0.9
Gypsum Board 0.17 0.95
Pine 0.14 0.9
Plywood 0.17 0.9
Cedar 0.11 0.9
Polyurethane Foam 0.05 0.9
Figure 4-2: Material Thermal Properties
In each simulation, three different boundary conditions are used. Where a frame continues, and
the analysis model cuts off, an adiabatic boundary is used. It is assumed that across an adiabatic
boundary the heat flux is 0. Adiabatic conditions make sense in these areas because the primary
direction of heat flow is parallel to the boundary and as such the boundary simply bounds the
analysis model. On interior areas, a pre-included THERM boundary condition is used, called
Interior Wood/Vinyl Frame. This boundary condition applies a temperature of 210 C or about
700 F. Along the exterior, another pre-included boundary condition is used called, NFRC 100-
2001 Exterior. The NFRC or the National Fenestration Rating Council is responsible for
producing the standards by which windows, doors and other envelope opening products are
rated. While the details analyzed do not contain any of the preceding products, using the
prescribed boundary condition will allow a more standardized comparison of all the different
wall details.
4.3.2 Geometry
Several different structural details within wood platform homes were analyzed. Within each
detail, multiple configurations of insulation were used to model different lay-ups of insulation.
In each model, 2X4's are used with a spacing 16" to best simulate the conditions of older US
homes. The lay-up configurations vary from completely uninsulated to completely insulated,
with standard and modified retrofit procedures in between.
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Figure 4-3 is a chart which describes the different detail models and lay up configurations:
Model Insulation Lay-Up
Interior Partition A No Insulation
Interior Partition B Standard Retrofit
Interior Partition C + Partition Detail
Interior Partition D + One Interior Bay
Interior Partition E Full Insulation
Corner A No Insulation
Corner B Standard Retrofit
Corner C + Corner Detail (Full Insulation)
Advanced Interior Partition Full Insulation
Advanced Corner Full Insulation
Figure 4-3: Analysis Model Configurations
Figure 4-4 illustrates the various insulation lay ups in the interior partition model; a letter in the
bay indicates insulation under that scenario.
Figure 4-4: Partition Model Configurations
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Figure 4-5 illustrates the various insulation lay ups of the corner model; a letter in the bay
indicates insulation under that scenario.
Figure 4-5: Corner Model Configurations
4.4 Results
4.4.1 Interior Partition Model
The following are the results of the interior partition models, see Appendix A - Results for full
size images. For reference, all flux magnitude plots use the same scale with max of 90 W/m2,
shown below in Figure 4-6.
Figure 4-6: Model Flux Magnitude Scale
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Figure 4-7: Interior Partition A Isotherms Figure 4-8: Interior Partition A Flux Magnitude
Interior Partition A represents the as-built condition of many existing homes. It is an uninsulated
2x4 stud wall, 16" o.C. with a three stud partition intersection. Figure 4-7 shows the isothermal
lines, points of the same temperature, across the partition detail. As can be seen from the flux
magnitude analysis, Figure 4-8, most of the heat is lost through the exterior wall cavities. In
comparison, the heat flow through the wood studs is almost half.
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Figure 4-9: Interior Partition B Isotherms Figure 4-10: Interior Partition B Flux Magnitude
Interior Partition B is the current standard retrofit methodology. The two main wall cavities are
filled with blown cellulose fiber. The effect of this is obvious from the flux magnitude diagram,
Figure 4-10. The flux in the wall cavities has dropped significantly from about 70 W/m2 to 15
W/m2. However, in the area of the wall intersection, which remained uninsulated, the heat flux
is still about 70 W/m2. Through this area significant energy is still lost. Looking at Figure 4-9,
the temperature of the interior gypsum boards in the retrofit detail is much higher than in the
uninsulated wall, 17.9 'C versus 12.8 0C.
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Figure 4-11: Interior Partition C Isotherms Figure 4-12: Interior Partition C Flux Magnitude
Interior Partition C represents a modified retrofit methodology where the small area enclosed by
the conventional partition detail is additionally insulated. The effect of this insulation is evident
from Figure 4-12, as it causes the heat loss through the partition void to drop to the same level as
the larger wall voids. This method would require contractors to spend additional time to locate
the studs, but using current technology such as a stud-finder the additional cost of this would be
marginal. Also notable is that while the flux across the wall has dropped, looking at Figure 4-11,
it can be seen that the inside wall temperatures are similar to the standard retrofit wall, except in
the region of wall intersection.
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Figure 4-13: Interior Partition D Isotherms Figure 4-14: Interior Partition D Flux Magnitude
Interior Partition D illustrates another alternative method of retrofit, where in addition to the
external walls, the adjacent internal bay is also insulated. This method does help reduce heat
flow through the exterior wall, but as can be seen from Figure 4-14, much of the energy passes
through the internal corner where the gypsum wall boards meet the wood studs. The result is
less effective than the fully insulated outer wall; however this method is more easily
implemented in practice. From Figure 4-13, it can also be seen that like Interior Partition C and
D, similar inside wall temperatures are achieved.
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Figure 4-15: Interior Partition E Isotherms Figure 4-16: Interior Partition E Flux Magnitude
Interior Partition E represents another alternative retrofit methodology where both the external
wall cavity and internal bay are insulated. Looking at Figure 4-16, the result is very similar to
Interior Partition C where only the exterior cavity is insulated. As can be seen later in the
numerical U factor results, Interior Partition E does perform better than the other options, but the
improvement is quite marginal. Especially notable is that the inside wall temperatures, seen in
Figure 4-15, have not significantly improved from the standard retrofit methodology. This is an
indication that the older wall layup using 2x4's inherently will restrict the possible performance
of the wall.
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Figure 4-17: Advanced Interior Partition Isotherms Figure 4-18: Advanced Interior Partition Flux Magnitude
The Advanced Interior Partition represents the advanced framing technique. It utilizes 2x6 studs
at 24" with a %" rigid polyurethane foam exterior panel then covered by a /4" of wood siding.
The model has been arranged so that the exterior surface area is the same as compared to the 2x4
lay ups. From Figure 4-18, the flux magnitude diagram, it can be seen that almost the entire wall
is at about 15 W/m2 or less, with only the studs having higher flux. Additionally, Figure 4-17
shows that the inside wall temperature has increased, as the 17.9 'C line is now entirely within
the wall insulation. This build-up performs significantly better than the older and more
conventional options.
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The numerical U factor results:
Lay Up U Factor Comparison to Comparison to Retrofit
(W/m^2) Partition A Advanced Partition Comparison
(Uninsulated)
Partition A 1.66 0.0% 511.2% 199.1%
Partition B 0.56 -66.6% 104.3% 0.0%
Partition C 0.49 -70.8% 78.5% -12.6%
Partition D 0.53 -67.9% 96.1% -4.0%
Partition E 0.48 -71.2% 76.2% -13.8%
Advanced 0.27 -83.6% 0.0% -51.1%
Partition
Figure 4-19: Interior Partition Numerical U Factor Results
THERM, in addition to calculating the isothermal lines and heat flux across the models, also
calculates the overall U-factor of the different build-ups taking into account all two-dimensional
heat transfer effects including the thermal bridging of the wall studs. As can be seen from Figure
4-19, the numerical results, the benefit of retrofitting an old home is huge. A retrofit wall
transfers only about one third of the heat that an uninsulated wall allows. The effectiveness of
Advanced Framing Techniques is also evident. The Advanced Partition transfers about 5 times
less heat than the uninsulated wall and is still about twice as effective as the standard retrofit
wall.
Regarding the various retrofit methodologies, Partition C seems to be the best from a cost-
effective viewpoint. By simply taking the additional time to insulate the exterior cavity formed
by interior wall partitions, the performance of the wall can be improved by 12.6% over the
standard procedure.
4.4.2 Corner Model
The following are the results of the corner models, see Appendix A - Results for full size
images.
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Figure 4-20: Corner A Isotherms Figure 4-21: Corner A Flux Magnitude
The Corner A model is the standard 3-stud corner uninsulated lay up. Like with the wall
partition models, most of the heat is transferred through the wall cavities. Looking at Figure
4-21, it can be seen that the internal corner also is a point of high flux. Additionally, Figure 4-20
shows that the temperature in the inside corner is the lowest across the whole interior wall.
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Figure 4-22: Corner B Isotherms Figure 4-23: Corner B Flux Magnitude
Corner B is the standard retrofit methodology, where the exterior wall cavities are filled with
insulation. From Figure 4-23, it can be seen this causes the flux across the cavities to
significantly drop, but the heat transfer across the internal corner remains about the same as
Corner A. This is also evident in the isothermal diagram, Figure 4-22, where the temperature at
the corner remains the lowest point on the inside face of the wall.
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Figure 4-24: Corner C Isotherms Figure 4-25: Corner C Flux Magnitude
Corner C illustrates an alternate retrofit methodology where the cavity created by the three stud
corner is filled. The additional insulation significantly reduces the flux in the joint, as seen in
Figure 2-25, from about 50 W/m2 to 15 W/m2 . While the flux across the corner is reduced, the
temperature, seen in Figure 4-24, is the lowest point on the inside of the wall. This is an
indicator of the two dimensional heat flow effects that occur because of the additional corner
studs. As with the alternative methodologies for the interior wall partition detail, insulating the
corner cavity would require additional time and effort on the part of the contractor to identify and
locate the studs within the corner. Later in the numerical U-factor results, it will be seen that for
a corner detail, this alternative retrofit may not be cost-effective.
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Figure 4-26: Advanced Corner Isotherms Figure 4-27: Advanced Corner Isotherms
The Advanced Corner model illustrates the techniques of Advanced Framing. As with the
Advanced Interior Partition, it uses 2x6 studs in an updated 2-stud layout with %" rigid
polyurethane foam insulation board covered by " wood siding. The model was sized so as to
have the same outer area as the 2x4 corner models for comparison. The result of using advanced
framing is evident from Figure 4-27, where the peak flux is only about 15 W/m2 in one of the
studs while the rest sits around 5 W/m2. Additionally, as also occurred with the Advanced
Interior Partition, there is a significant rise in inside wall temperature, seen in Figure 4-26.
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The numerical U factor results:
Lay Up U Factor In Comparison to In Comparison to Retrofit
(W/mA2) Uninsulated Corner Advanced Corner Comparison
Corner A 1.33 0.0% 555.8% 204.8%
Corner B 0.44 -67.2% 115.1% 0.0%
Corner C 0.41 -69.4% 100.4% -6.8%
Advanced 0.20 -84.8% 0.0% -53.5%
Corner
Figure 4-28: Corner Numerical U Factor Results
Looking at the numerical results, Figure 4-28, of the aggregate U-factor, both the benefit of
retrofit and advanced framing becomes clear. The Advanced Corner only transfers about 15% of
the energy that the uninsulated corner passes, and again as with the Advanced Partition, is about
twice as effective as the retrofit corner. Comparing the standard retrofit methodology of Corner
B versus the uninsulated option, the retrofit wall allows only about a third of the energy pass
through it. The results of the alternative retrofit methodology show that additionally insulating
the corner cavity only increases the walls effectiveness by 7 percent as compared to skipping it
over. Such a small increase may not be cost effective, but only a larger cost analysis could prove
for sure.
4.5 Results Summary and Recommendations
From the analysis models, a few points are evident. The first is the overwhelming effectiveness
of Advanced Framing Techniques. Comparing the advanced models versus their uninsulated
counterparts, the advanced models were usually about 6.5 times more effective at insulating
against heat transfer. And, comparing them against even the standard retrofit models showed
they were still twice as effective. This is an important point to note because the standard retrofit
models are also very similar to many of the more conventional standards for new construction.
The second point is that the biggest gain in performance for an insulated home is due to
retrofitting. By simply adding insulation in main exterior wall cavities, the performance of the
wall is about three times better than the uninsulated option.
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Finally, the current retrofit methodology, while quite effective, can be improved. For the area of
exterior wall partitions, additionally insulating any wall cavities created by studs will give a
noticeable performance boost for a relatively small additional investment in time and money on
the part of the contractor. Regarding the corner areas, the current methodology seems to be the
most cost effective.
5 Conclusion
Many homes throughout the United States currently do not have insulation or are under insulated
for their climate. As energy costs continue to rise, retrofitting these homes is more important
than ever. It will significantly increase their energy efficiency, saving owners money, but also
reduce their environmental impact at a time when the issue of climate change is at the forefront.
In addition to these older homes, new homes continue to be built to outdated standards. While
much work and research has been done to develop improved methods of retrofitting and new
construction, the housing industry has continued to be slow to change.
This study attempts to quantify some of the benefits possible through retrofit or advanced
construction methods. Additional steps to further this study and validate the conclusions drawn
would be to perform a complete benchmark house analysis on energy consumption using various
U-factors for the exterior envelope corresponding to different wall lay-ups. In this way, the
different structural details could be correlated directly to either a cost increase or savings for a
homeowner.
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APPENDIX A - RESULTS
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